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Description 

[DEVICE AND METHOD FOR BREAKING 
LEAKAGE CURRENT PATH OF MEMORY 
DEVICE AND STRUCTURE OF MEMORY 

DEVICE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92129227, filed on October 22, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a device and a method of 
breaking leakage current path of a memory device and a 
structure of the memory device. 

[0004] Description of the Related Art 

[0005] Traditionally, the semiconductor memory may be classi- 
fied into a non-volatile memory and a volatile memory. 
The non-volatile memory can still retain the data even 



when the power is off. In contrast, in the volatile memory, 
such as static random access memory (SRAM) and dy- 
namic random access memory (DRAM), the data is lost 
when the power is off. 

[0006] As to the volatile memory, because SRAM is constructed 
by transistors, the speed of SRAM is about five times 
faster than the speed of DRAM. However, the cost and size 
of SRAM are respectively higher and larger than that of the 
DRAM. Therefore, in considerations of cost and size, 
DRAM is most widely used volatile memory. DRAM uses 
capacitors for storing data. Because of charge leakage 
from the capacitors, a refresh operation is required for 
recharging the capacitors. Therefore, if the power is 
turned off, the data stored therein will be lost. Even when 
the power is normally supplied, the data will gradually 
disappear because of the charge leakage of the capaci- 
tors. Therefore, the refresh operation is required. 

[0007] Basically, a memory cell of DRAM comprises a transistor 
and a capacitor. Referring to FIG.l, a schematic drawing a 
memory cell of DRAM is shown, wherein the capacitor is 
provided for storing charges to determine whether a logic 
state "1" or "0" is stored therein. Since the integration and 
density of DRAM cells are increased gradually, the defects 



occuring from the manufacturing process of the DRAM 
cells or due to the shorting between the cells can behardly 
prevented. Referring to FIG. 1, a traditional DRAM array 
includes memory cells 102 and 104 and a sense amplifier 
106, wherein when a short of the bit line BLL and word 
line WLL of the memory cell 102 occurs at point A, a leak- 
age current F is resulted. That is, the leakage current F 
will result in current leakage from the power supplying 
terminal VBLEQ via the bit line BLL of the memory cell 102 
to the ground of the capacitor. When the memory is in 
standby state, the leakage current consumes a lot of 
power. Therefore, the longer the standby state, the more 
the consumption of power is. 
[0008] Generally, in order to maintain a high signal-to-noise ra- 
tio (S/N ration), the leakage current can not be reduced by 
reducing the capacitance of the capacitor. The leakage 
current, in general, is about 300 piA for each current leak- 
age path. Therefore, a conventional method to resolve the 
issue was proposed. FIG. 2 is a schematic drawing illus- 
trating another conventional memory cell of DRAM. Refer- 
ring to FIG. 2, a current limiting device, such as a deple- 
tion type NMOS transistor with low threshold voltage, is 
connected to the bit line pre-charger circuit of the mem- 



ory cell 102 for reducing the leakage current. By using the 
current limiting device, the leakage current can be re- 
duced up to about 15 mA for each current leakage path. 
[0009] However, the disadvantage of the current limiting device 
is that even when the defective memory cell is replaced by 
a redundancy memory cell, the leakage current still exists 
and the period of pre-charging will be extended. More se- 
riously, the leakage current is proportional to the number 
of the defective cells. For the portable electronic devices, 
the leakage current will drastically reduce the time of 
standby state of the battery, resulting in reduction of the 
speed of the memory and increase of the temperature of 
the device. Therefore, a device and a method for breaking 

current leakage path are highly desirable. 
Summary of Invention 

[0010] Therefore, one object of the present invention is to pro- 
vide a device and a method for breaking leakage current 
path and a memory device for reducing leakage current to 
resolve the issues of high power consumption and rising 
temperature resulting from the current leakage in a tradi- 
tional DRAM. 

[0011] In order to achieve the above objects and other advan- 
tages of the present invention, a device for breaking leak- 



age current path of a memory cell of a memory device is 
provided. The device includes a memory cell, a first 
breaking circuit and a second breaking circuit. The mem- 
ory cell of a memory array has a first bit line and a second 
bit line. The first breaking circuit is connected between 
the first bit line of the memory cell and a power supplying 
terminal, and between the second bit line and the power 
supplying terminal. When the memory cell fails and in 
standby state, the first bit line and the power supplying 
terminal are disconnected, and the second bit line and the 
power supplying terminal are disconnected by the first 
breaking circuit. The second breaking circuit is connected 
between the first bit line and a sense amplifier of the 
memory cell, and between the second bit line and the 
sense amplifier. When the memory cell fails and in 
standby state, the first bit line and the sense amplifier are 
disconnected and the second bit line and the sense ampli- 
fier are disconnected by the second breaking circuit. 

[0012] In an embodiment of the present invention, a word line of 
the memory cell can be connected to the first breaking 
circuit or to the second breaking circuit. 

[0013] In an embodiment of the invention, the second breaking 
circuit can be included in the first breaking circuit. 



[0014] In order to achieve the other objects of the present inven- 
tion, a memory device is provided. The memory device in- 
cludes, for example but not limited to, a memory array, a 
power supplying terminal, a sense amplifier, a first break- 
ing circuit and a second breaking circuit. The memory ar- 
ray has a plurality of memory cells, wherein each of the 
memory cells has a first bit line and a second bit line. The 
power supplying terminal is used to provide power to the 
memory cells. The first breaking circuit is connected be- 
tween the first bit line of the memory cell and a power 
supplying terminal, and between the second bit line and 
the power supplying terminal. When the memory cell fails 
and in standby state, the first bit line and the power sup- 
plying terminal are disconnected, and the second bit line 
and the power supplying terminal are disconnected by the 
first breaking circuit. The second breaking circuit is con- 
nected between the first bit line and a sense amplifier of 
the memory cell, and between the second bit line and the 
sense amplifier. When the memory cell fails and in 
standby state, the first bit line and the sense amplifier are 
disconnected and the second bit line and the sense ampli- 
fier are disconnected by the second breaking circuit. 

[0015] In an embodiment of the invention, word lines of the 



memory cells can be connected to the first breaking cir- 
cuit or to the second breaking circuit. 

[0016] In an embodiment of the invention, the second breaking 
circuit can be included in the first breaking circuit. 

[0017] In an embodiment of the invention, the memory array in- 
cludes a DRAM array. 

[0018] Accordingly, the first breaking circuit and the second 
breaking circuit of the present invention can break the 
leakage current from the power supplying terminal ap- 
plied to the memory cell when the memory cell fails. 
Moreover, when the memory array is in standby state, the 
current paths from the power source to all the failed 
memory cells are broken, therefore, the leakage current is 
substantially reduced and the power consumption is also 
reduced. 

[0019] In order to achieve the other object of the present inven- 
tion, a method for breaking leakage current path of a 
memory cell of a memory device is provided. The method 
includes the steps of providing a first signal for discon- 
necting a connection between a first bit line and a power 
supplying terminal and for disconnecting a connection 
between a second bit line and the power supplying termi- 
nal when a memory cell of a memory array fails and in 



standby state; and providing a second signal for discon- 
necting a connection between tlie first bit line and a sense 
amplifier and for disconnecting a connection between the 
second bit line and the sense amplifier. 

[0020] In an embodiment of the present invention, the first signal 
can be controlled by a word line of the memory cell. 
Moreover, the second signal can also be controlled by the 
word line of the memory cell. 

[0021] Accordingly, the method for breaking leakage current 

path of the present invention can break the leakage cur- 
rent from the power supplying terminal applied to the 
memory cell when the memory cell fails. Moreover, when 
the memory array is in standby state, the current paths 
from the power source to all the failed memory cells are 
broken, therefore, the leakage current are reduced and 
the power consumption is also reduced. 

[0022] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0023] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 



rated in and constitute a part of tiiis specification. Tlie 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0024] FIG.l is a schematic drawing illustrating a conventional 
memory cell of DRAM. 

[0025] FIG. 2 is a schematic drawing illustrating another conven- 
tional memory cell of DRAM. 

[0026] FIGS. 3-5 are circuits diagrams schematically illustrating 
the device for breaking leakage current path according to 
various embodiments of the present invention. 

[0027] FIG. 6 is a waveform diagram schematically illustrating the 
waveform of the memory cell during a normal operation 
according to the various embodiments of the present in- 
vention. 

[0028] FIG. 7 is a waveform diagram schematically illustrating the 
waveform of the memory cell with cross failure according 
to the various embodiments of the present invention. 

[0029] FIG. 8 is a circuits diagram schematically illustrating the 

device for breaking leakage current path according to an 

embodiment of the present invention. 
Detailed Description 

[0030] The present invention now will be described more fully 



hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0031] FIG. 2 is a schematic drawing illustrating another conven- 
tional memory cell of DRAM. FIGS. 3-5 are circuits dia- 
grams schematically illustrating the device for breaking 
leakage current path according to various embodiments of 
the present invention. The circuits shown in FIGS. 3-5 are 
connected to the memory cell 102 shown in FIG. 2. Here- 
inafter, the operation of a normal good die of a DRAM cell 
of the invention without cross failure will be described. 

[0032] Referring to the memory cell 102 shown in FIG. 2, the sig- 
nals that may affect the leakage current include, for ex- 
ample but not limited to, EQLt, EQLb, MUXt, MUXb, etc., 
wherein the signal EQLt and MUXt are directly related to 
the memory cell 102. Following are the descriptions 
showing how to control these signals to break the leakage 



current path. 

[0033] FIG. 6 is a waveform diagram scliematically illustrating the 
waveform of the memory cell during a normal operation 
according to various embodiments of the present inven- 
tion, wherein the memory cell is a normal good die. Refer- 
ring to FIG. 6, when the signal /GE is, for example, in low 
state, the memory cell 102 is active. Alternatively, when 
the signal /GE is in high state, the memory cell 102 is in 
standby state. The signal REF is a reference signal corre- 
sponding to the state of the word line WLL 

[0034] Referring to FIG. 3, the circuit block 302 includes, for ex- 
ample but not limited to, an inverter 304, a NAND gate 
306 and an inverter 308. It is noted that the reference 
signal REF is inverted by the inverter 304, and is then pro- 
cessed with signal /GE by the NAND gate 306 and the in- 
verter 308. Finally, the signal GIREF shown in FIG. 6 is 
obtained. The difference between the signal GIREF and 
signal /GE is that when signal /GE and signal REF are in 
high state, signal GIREF is in low state. 

[0035] Referring FIG. 4, the circuit block 402 includes a NAND 
gate 402 and an inverter 406. It is noted that when the 
memory cell 102 is a normal good die, the signal FSBSEL 
shown in FIG. 6 is in low state. Alternatively, when the 



memory cell 102 is shorted due to, for example, a cross 
failure, the signal FSBSEL is in high state,. The signal FSB- 
SEL and the signal CIREF are processed by the NAND gate 
306 and the inverter 308, and thus the signal EQBSEL is 
generated. It is noted that, when the memory cell 102 is a 
normal good die, the signal FSBSEL is in low state, thus, 
the signal EQBSEL is always in low state regardless of 
whether the signal /CE is in high or low state. 

[0036] Referring to FIG. 5, the circuit block 502 includes a NOR 
gate 504 and two inverters 506 and 508. The signal BSEL 
shown in FIG. 6 and the signal EQBSEL described above 
are processed by the NOR gate 504 and the inverters 506 
and 508, and thus the signal EQL is generated. In FIG. 2, 
for the memory cell 102, the signal EQL is equivalent to 
the signal EQLt. When the memory cell 102 is a normal 
good die, since the signal EQBSEL is always in low state 
regardless of whether the signal /CE is in high or low 
state, the signal EQLt is always an inverse signal to that of 
the signal BSEL. Moreover, since the signal EQLb is in high 
state, the bit line BL is a half bit-line high voltage (VBLEQ). 

[0037] Accordingly, in the embodiment of the present invention, 
when the device and method for breaking leakage current 
path are provided, the operation of the memory cell 102 is 



similar to a conventional memory cell when the memory 
cell 102 is a normal good die. 

[0038] Hereinafter, when the memory cell 102 shown in FIG. 2 is 
shorted due to, for example, a cross failure, the operation 
of the memory cell, will be described. 

[0039] FIG. 7 is a waveform diagram schematically illustrating the 
waveform of the memory cell with cross failure according 
to the embodiments of the present invention. It is noted 
that, the signal /CE is in low state when the memory cell 
102 is active and the signal /CE is in high state when the 
memory cell 102 is in standby state regardless of whether 
the memory cell 102 is a normal good die or shorted. The 
signal REF is a reference signal corresponding to the state 
of the word line WLL 

[0040] Referring to FIG. 3, the reference signal REF is inverted by 
the inverter 304 and processed with signal /CE by the 
NAND gate 306 and the inverter 308, and thus the signal 
CIREF shown in FIG. 7 is generated. Similarly, the differ- 
ence between the signal CIREF and the signal /CE is that 
when the signal /CE and the signal REF are in high state, 
the signal CIREF is in low state. 

[0041] Referring to FIG. 4, when the memory cell 102 is short, 

the signal FSBSEL shown in FIG. 7 is in high state. The sig- 



nal FSBSEL and the signal CIREF are processed by the 
NAND gate 306 and the inverter 308, and thus the signal 
EQBSEL is generated. When the memory cell 102 is 
shorted and the signal FSBSEL is in high state, the signal 
EQBSEL is in the same state with the signal CIREF. There- 
fore, when the signal CIREF is in high state, the signal 
EQBSEL is in high state, on the other hand, when CIREF 
signal is in low state, the signal EQBSEL is in low state. 
[0042] Referring to FIG. 5, the signal BSEL shown in FIG. 6 and 
the signal EQBSEL described above are processed by the 
NOR gate 504, the inverter 506 and the inverter 508, and 
then the signal EQL is generated. In FIG. 2, for the mem- 
ory cell 102, the signal EQL is equivalent to the signal 
EQLt. When the memory cell 102 is short, the signal EQB- 
SEL is in the same state as the signal CIREF, the signal 
BSEL is similar to the reference signal REF. However, refer- 
ring to FIG. 7, the rising time from low to state to high 
state of the signal BSEL is later than that of the reference 
signal REF regardless of whether the memory cell 102 is 
active state or standby state. Therefore, when the memory 
cell 102 is shorted, the difference between the signal EQLt 
shown in FIG. 6 and the signal EQLt shown in FIG. 7 is that 
the EQLt signal of FIG. 7 corresponds to the signal CIREF 



(i.e., the signal /CE). Tlierefore, when the memory cell 102 
is active (i.e., the signal /CE is in low state), the signal 
EQLt is in high state. It is to be noted that a portion of 
signal EQLt is in low state since a restorage of charge for 
the capacitor of the memory cell 102 is required. When 
the signal EQLt is in low state, a restoring operation of 
charge is performed by the bit lines BL and /BL. When the 
memory cell 102 is in standby state (i.e., the signal /CE is 
in high state), the signal EQLt is in low state, wherein a 
portion of signal EQLt is in high state since a pre-charging 
for the capacitor of the memory cell 102 is required. When 
the signal EQLt is in low state, a restoring operation of 
charge is performed by the bit lines BL and /BL. Moreover, 
the signal EQLb is at VINT regardless of whether the 
memory cell 102 is in active state or stand by state. 
[0043] Referring to FIG. 6, when the memory cell 102 is a normal 
good die, the signals MUXt and MUXb are almost at VINT. 
The state of the signals MUXt and MUXb is changed only 
when the capacitor of the memory cell 102 is restored. 
When the state of the signal MUXt is at high state VPP, the 
signal MUXb is at low state VSS. Referring to FIG. 7, when 
the memory cell 102 is short, the signal MUXb is almost at 
VINT. The difference between the signals of MUXb shown 



in FIGS. 6 and 7 is tliat tlie signal M\JXb of FIG. 7 is almost 
at low state VSS when the memory cell 102 is standby. It 
is to be noted that, similar to FIG. 6, the signals MUXt and 
MUXb will change only when the capacitor of the memory 
cell 102 is restored, wherein when the signal MUXt is at 
high state VPP, the signal MUXb is at low state VSS. 
[0044] Accordingly, for a conventional memory cell, regardless of 
whether the memory cell is in active state or standby 
state, the signals EQLt and MUXt as shown in FIG. 6 are 
not at low state VSS. However, in the present invention, 
when the memory cell fails, the signals EQLt and MUXt as 
shown in FIG. 7 are almost at low state VSS. Therefore, for 
a failed conventional memory cell without the device for 
breaking leakage current path of the present invention, 
the leakage current will incur a large power consumption 
when the memory cell is standby state. When the device 
for breaking leakage current path of the present invention 
is provided, the signals EQLt and MUXt as shown in FIG. 7 
are almost at low state VSS and the leakage current is 
broken. 

[0045] FIG. 8 is a circuit diagram schematically illustrating the 
device for breaking leakage current path according to an 
embodiment of the present invention. Referring to FIG. 8, 



a memory 800 is provided by the present invention. Tlie 
memory device 800 includes, for example but not limited 
to, a memory array 802, a power supplying terminal 806, 
a sense amplifier 808, a first breaking circuit 812 and a 
second breaking circuit 814. The memory array 802 has a 
plurality of memory cells 804, wherein each of the mem- 
ory cells 804 has a first bit line BL and a second bit line / 
BL. The power supplying terminal 806 is used to provide 
power to the memory cells 804. The first breaking circuit 
812 is connected between the first bit line BL of the mem- 
ory cells 804 and the power supplying terminal 806, and 
between the second bit line /BL and the power supplying 
terminal 806. The second breaking circuit 814 is con- 
nected between the first bit line BL and the sense ampli- 
fier 808, and connected between the second bit line /BL 
and the sense amplifier 808. 
[0046] When at least one of the memory cells 804 fails and in 
standby state, the first breaking circuit 812 disconnects 
the connection between the first bit line BL and the power 
supplying terminal 806 and disconnects the connection 
between the second bit line /BL and the power supplying 
terminal 806. The second breaking circuit 814 discon- 
nects the connection between the first bit line BL and the 



sense amplifier 808 and disconnects the connection be- 
tween tlie second bit line /BL and the sense amplifier 808. 

[0047] In the embodiment of the present invention shown in FIG. 
2, the first breaking circuit 812 can be connected, for ex- 
ample, between the bit lines BL and /BL and the power 
supplying terminal VBLEQ. When the memory cell 102 fails 
and in standby state, the leakage current is cut by the sig- 
nals EQLt and EQLb. It is preferable that the first breaking 
circuit 812 includes the circuits shown in FIGS. 3-5. 

[0048] In the embodiment of the present invention shown in FIG. 
2, the second breaking circuit 814 can be connected, for 
example, between the bit lines BL and /BL and the sense 
amplifier 106. When the memory cell 102 fails and in 
standby state, the leakage current is cut by the signals 
MUXt and MUXb. 

[0049] In an embodiment of the present invention, the word lines 
WL of the memory cells 804 can be connected to the first 
breaking circuit 812 separately. Additionally, the word 
lines WL of the memory cells 804 can also be connected to 
the second breaking circuit 814 separately. 

[0050] In an embodiment of the present invention, the second 
breaking circuit 814 can be included in the first breaking 
circuit 812. 



[0051] In an embodiment of the present invention, tlie memory 
array 802, includes, for example but not limited to, a 
DRAM array. 

[0052] Accordingly, the first breaking circuit and the second 
breaking circuit of the present invention can break the 
leakage current from the power supplying terminal ap- 
plied to the memory cell when the memory cell fails. 
Moreover, when the memory array is standby, the current 
paths from the power source to all the failed memory cells 
are broken, therefore, the leakage current is substantially 
reduced and the power consumption is also reduced. 

[0053] Hereinafter, a method of breaking a leakage current path 
of the memory cells of a memory device of the present in- 
vention is described. The method includes the following 
steps. When a memory cell of a memory array fails and in 
standby state, a first step is to provide a first signal for 
disconnecting the connection between a first bit line and a 
power supplying terminal and for disconnecting the con- 
nection between a second bit line and the power supply- 
ing terminal. The second step is to provide a second sig- 
nal for disconnecting the connection between the first bit 
line and a sense amplifier and for disconnecting the con- 
nection between the second bit line and the sense ampli- 



fier. 

[0054] In the method of breaking leakage current path described 
above, the first signal can be controlled by a word line of 
the memory cell. Additionally, the second signal can also 
be controlled by a word line of the memory cell. 

[0055] Accordingly, the method for breaking leakage current 

path of the present invention can break the leakage cur- 
rent from the power supplying terminal to be applied to 
the memory cell when the memory cell fails. Moreover, 
when the memory array is in standby state, the current 
paths from the power source to all the failed memory cells 
are broken, therefore, the leakage current is substantially 
reduced and the power consumption is also substantially 
reduced. 

[0056] Accordingly, the present invention provides a device and a 
method for breaking leakage current path for failed mem- 
ory cells. However, any memory array with defective cells 
can use the device or method of the present invention to 
selectively break the leakage current path of the defective 
memory cells. It is preferable that the timing of breaking 
the leakage current path can be determined by a standby 
signal combined with the breaking circuits or signals of 
the present invention. 



[0057] It ^\\\ be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



